Cadmium (Cd) and lead (Pb) are well-known risk factors for peripheral arterial and some other cardiovascular diseases. The aim of the study was to determine the level of both toxic metals, in the human heart tissue and compare the accumulation to their age, gender, body mass index, living environment and smoking habit. Heart tissues of the 112 autopsy cases, representing a sample set of population living in capital city of Turkey: Ankara Province (both in city center and suburban), were collected from Turkey Ministry of Justice, Council of Forensic Medicine in Ankara Branch. Lead and cadmium analysis was carried out by Graphite Furnace Atomic Spectrometry technique. Cd/Pb results and individuals' information were assessed by SPSS statistically. Average value of Pb was found as 1374.99±237.01ppb and Cd was found as 287.54±66.43ppb in all heart tissue samples. Consideration of metal levels in autopsy heart tissues by age, statistically significant positive correlation in Cd was observed (p<0.05). There was no correlation found between metal levels with gender and BMI values. Both Pb and Cd levels of the samples who lived in urban was significantly greater than in suburban areas (p<0.05). Significant increase Cd level were observed in smokers' heart tissues (p<0.05), however, contrary to expectations, Pb has no statistically significant result.
Introduction
Cadmium (Cd) and lead (Pb) are most abundant heavy metals playing role on many illness or cancer types of human. Most of the metals enter body via various routes and accumulate in different tissues. Environmental metal exposure and individual factors changes metal accumulation level or target tissue in human body. While metal accumulation assessed mostly in blood and urine samples, follow up researches of target tissues have been useful in explaining more dynamic findings than blood or urine specimen.
It is estimated that about 25000 to 30000 tons of Cd are released to environment each year, about half from the weathering of rocks into the river water and then to oceans, by discharge from industrial facilities or sewage treatment plants, atmospheric deposition, by leaching from landfills or soil, or phosphate fertilizers. Cadmium in drinking water contributes only to less than a few percent of the total cadmium intake [1] . Cigarette smoke and diet are the main sources of Cd in daily life and smoking the more serious one in health concern [2, 3] . Each cigarette contains 1-2 g Cd and more than a half may pass through the lungs by smoking and enters the systemic circulation. Aside from smoking, living near hazardous waste sides or factories releasing Cd into air has also another risk of exposure. In heavily contaminated areas, vicinity of cadmium emitting plants or in mining districts, water and rivers also substantially contaminated by cadmium [2, [4] [5] . It has been reported that cadmium exerts its adverse cardiovascular effects by promoting atherosclerosis as well as disadvantageous functional and metabolic changes in the heart [6] . In particular, high susceptibility of the heart to cadmium was reported in a human 15 year follow-up study in line with the fact that the heart is a relatively sensitive organ due to its low anti-oxidant capacity [7] . Similarly, animal studies also shows cadmium cause some changes in cardiovascular functions [8] [9] [10] . Environmental exposure to cadmium has been found to be associated with an increased prevalence of heart failure, although the precise toxic effects of cadmium exposure on myocardial function remain unknown [11] . Recent data from the National Health and Nutrition Examination Survey suggests that cadmium exposure remains a rather important determinant of all-cause cardiovascular mortality in certain populations of US adults [12] .
Lead exposure has widely seen in urban environments especially near emission sources although leaded gasoline had been banned in 1986 in USA and 1996 in Turkey. It is a toxic element and its physiological role in the human body is unexplained. The toxic effects of Pb have been known for centuries and all exposures result from human activities. Lead is easily absorbed through gastrointestinal and respiratory tract, and distributed to soft tissues and finally bones where it is stored over decade [13] [14] . When Pb is ingested by food or water, 10-15 % of taken quantity is absorbed by gastrointestinal system of adults and this ratio increases up to 50 % for children [15] . About 99% of absorbed Pb remains in erythrocytes for 30-35 days (only 1% of lead is found in plasma and serum) and distributed to soft tissues of liver, renal cortex, aorta, brain, lungs within 4-6 weeks [16] . Accumulated Pb is stored in bones with 20-30 years half-life period. As divalent cation, it inhibits enzymes and proteins due to high capacity of binding to sulfhydryl groups [17] . Lead exposure in human is generally assessed by blood Pb level. A lot of clinical researches show that Pb exposure correlates increasing incidence of hypertension, cerebrovascular and cardiovascular diseases [18] [19] [20] [21] . Population research on the cardiovascular effects of Pb has focused largely on the association with blood pressure and hypertension. Meta-analyses of more than 60 researches show strong relationship between systolic and diastolic blood pressure and elevated blood Pb level [22] [23] [24] . High blood Pb level also correlates cardiovascular mortality and prevalence of peripheral arterial diseases [25] [26] .
Both metals more or less seem doubtful about cardiovascular illness previously proven by a lot of researches. Although they are effective on heart tissue, their toxic effect studied mostly on indirect mechanisms by liver and kidney. In the view of previous researches about cardiovascular effect of both metals, instead of routine biological samples like hair, blood or urine, Cd and Pb accumulation were assessed by measuring their levels in human heart tissue. After Cd and Pb concentrations measured, results were compared to gender, body mass index, living environment and smoking habit to reveal their effect on accumulation.
Materials and Methods

Sample Collection
Heart tissue samples were collected from autopsy cases of 112 adults (88 male and 24 female aged 18 -86) in cooperation with Turkey Ministry of Justice, The Council of Forensic Medicine. Carcinoma or tumor metastasis tissue samples was elucidated. The subjects were excluded from the analysis if they had been reported as occupational exposure to heavy metals, any kind of specific heart diseases or metal intoxication. A small questionnaire was conducted to the relatives of each autopsy cases to get the demographic information includes gender, height and weight, smoking habit and living area. Samples without smoking habit and settlement information were withdrawn from the statistical evaluation.
Left ventricles of heart tissues were taken from 112 autopsy cases not later than 24h after death due to tissue autolysis. Each heart tissue sample was taken with stainless lancet and weighed approximately 1 g. Tissue samples were washed with %5 nitric acid solution and deionized water and then placed into 2ml-polypropylene tubes. They were stored at -20 0 C until microwave oven digestion process.
Sample preparation
Frozen tissue samples were kept at room temperature until thawed. Wet tissues were weighed and transferred to glass tables and left in oven at 75 0 C over night to dry.
Dry tissues were weighed to determine their dry weight and transferred into high temperature resistant teflon tubes. Ten ml %65 nitric acid solution were added to dry tissues and ingested in microwave.
Microwave digestion was operated at 210 0 C for 10 min with 600 watts. Ingested tissue samples were taken into 50ml-revolved caps propylene tubes and reconstituted to 25ml by deionized water. Samples were stored +4 0 C until analysis time.
Instrumentation and Chemicals
Measurements were performed by a Varian AA240Z Atomic Absorption Spectrometer equipped with a Varian GTA120 graphite furnace and Zeeman background correction system (Varian, Victoria, Australia). Varian SpectrAA version 5.1 PRO software programme coupled with Graphite Furnace Atomic Absorption Spectrometer (GFAAS) system was utilized for determination of Pb and Cd. Boosted-discharge hollow cathode lamp was used as the excitation source for Pb. Continuous flow of argon (Ar) gas was maintained in the graphite tube for inertness until atomization. Digestion procedure for heart tissues was carried out by Mars Xpress microwave system (CEM, Matthews, USA) with PTFE microwave digestion vessels. 1000µg/mL Pb and 1000µg/mL Cd stock solution was obtained from SCP Science (Courtaboeuf, France). Triton-X-100 was obtained from Scharlau (Barcelona, Spain). HNO 3 (65%v/v) and ammoniumdihydrogen phosphate were purchased from Merck (Darmstadt, Germany). All chemicals were analytical reagent grade unless otherwise specified. Ultra pure water (Human UP 900 Scholar-UV, Korea), with resistivity of 18MΩ cm, was used to prepare the solutions throughout all experimental process. Argon gas with purity of 99.999% was purchased from a local supplier company Oksan, (Ankara, Turkey).
Analysis for Lead and Cadmium
Lead and cadmium levels were measured by GFAAS technique. Varian AA240Z Zeeman Atomic Absorption Spectrometer was used to determine the level of Pb and Cd. Calibration studies were executed for each metals. All calibrations were repeated between every 30-sample measurements. Wavelength was set to 283.3 nm and 228.8 nm for Pb and Cd, respectively. Peak height used for calibration and integrations were done by calibration calculation. Every sample including calibration standards were analyzed 3 times (n=3) and Ar was used as medium gas. Absorbance data was collected during optimized atomization stage at 2100ºC for Pb and 1769ºC for Cd, respectively. Data was computed by Varian SpectrAA® software and converted to metal concentrations ng/g (dry heart tissue) which is expressed as ppb in this article.
Statistical Analysis
The Statistical Package for Social Sciences (SPSS) version 15.0 software for Windows was used for the statistical analysis. Independent variables were age, gender, body mass index, living environment and smoking habits and differences among groups were assessed with the Independent-Samples T Test and One Way Anova after the set of variables tested for homogeneity. The value for p<0.05 was accepted as significant.
Results
When samples were considered totally without any classifications, wide rages of levels were observed for both toxic metals. Table 1 summarizes minimum and maximum levels of Pb and Cd measured in total autopsy cases. Mean value of Pb found as 1374.99 ± 237.01ppb and of Cd found as 287.54 ± 66.43ppb. Gender: No statistically significant Cd or Pb tissue accumulation was observed for both gender. However, average Pb in men's heart tissues was higher than in women and average Cd was higher in women than in men ( Table 2) . Age: Aging is related to major changes in body by physiological functions that affect the kinetics of most toxic metals. In order to compare the metal accumulation distribution, cases were divided into three age group as 18-35 (young adults), 35-60 (middle aged adults) and over 60 (older adults) ( Table 3 ). There was no statistical difference in Pb for all age group. Moreover, high Pb was measured for 18-35 age group and the low Pb level, nearly half of 18-35 age group, was measured for 35-60 age group. For Cd statistically significant correlation was observed with aging; as age increases, the Cd in the heart tissues also increases (p<0.05). Settlement: Autopsy cases were grouped according to their living environment effected by environmental pollutants (urban/high exposure risk and sub-urban/low exposure risk) (Table 5 ). Both Cd and Pb were found statistically higher for who lived in urban than sub-urban (p<0.05). Smoking: Accumulation of Pb and Cd in heart tissues for smokers and non-smokers was evaluated lastly (Table 6 ). Average Pb was higher for smokers' than non-smokers but results were statistically insignificant (p>0.05). However, Cd was found in smokers' heart tissues significantly greater than non-smokers' (p<0.05). 
Discussion
Lead and cadmium are known as toxic and carcinogenic metals. In addition to their large-scale toxic effects, there are also a lot of surveys about their cardiovascular effects. It has been thought Pb and Cd have role in atherosclerosis because they increase oxidative stress and inflammation, induces renal dysfunctions, effects endothelial functions and alter the nitric oxide synthesis regulation. High Pb and Cd level is also a risk factor in peripheral arterial diseases and other cardiovascular diseases [14, 17, 18, 27] .
Smoking is the main source of Pb and Cd; especially Cd is thought the most effective toxic metal in the smoking induced diseases. In NHANES 1999-2000 that examines more than 2000 people, blood Pb and blood Cd were found higher in smokers than in non-smokers. Pb was higher in men than in women and Cd was higher in women than in men in the same survey [26, 28] .
Cadmium generally has long half-life and gradually accumulates in liver, kidney and heart. It can bind proteins and other materials in blood via systemic circulation. [29, 30] . As a divalent cation having a relatively small atomic radius, Cd can interact with a lot of of biological molecules and this unselective behavior of Cd has made it extremely difficult for investigators to sort out the significant actions of Cd from the insignificant [31] Environmental exposure to cadmium is toxic for heart and blood vessels and also shown that induce atherosclerosis by increasing free radical generation [32] [33] Generally, effects of Cd and Pb were investigated by measuring the both metals in blood and urine. There have been some autopsy studies assessed their accumulation in some tissues [34] , however, there were no studies comparing their gender, age, BMI, settlement and smoking habit with their accumulation in heart tissues.
In this study, metal accumulation assessed with gender firstly (Table 2) . Although there were no statistically meaningful results, average Pb level in men heart tissues was found higher than in women and average Cd level was higher in women than in men (p>0.05). These results were parallel to NHANES 1999-2000 study. Cadmium absorption may increase with iron deficiency, which may contribute to higher absorption of cadmium by women [35] . In order to compare the metal accumulation in heart tissue distribution, cases were divided into three age group as 18-35, 35-60 and over 60 (Table 3 ). There was no statistical difference for Pb in all age groups (p>0.05). Moreover, the highest Pb concentration was measured for 18-35 age group and the lowest, nearly half of 18-35 age group, was measured for 35-60 age group. In contrast to Pb, statistically significant positive correlation with aging was observed for Cd (p<0.05). Metal levels associated with body mass index (BMI) also assessed (Table 4) and average values of Cd and Pb level were found higher for overweight group but no statistically significant correlation was observed (p>0.05).
In addition to individual factors, environmental effects and smoking habit were also taken into consideration. Autopsy cases were grouped according to their settlements as lived in urban and suburban (Table 5 ). Both Cd and Pb were found significantly higher in urban than in suburban (p<0.05). Accumulation of Pb and Cd in heart tissues of both smokers and non-smokers was evaluated and average Pb was found higher for smokers' than non-smokers but the results were statistically insignificant (Table 6 ). However, the mean Cd in smokers' heart tissues was significantly greater than non-smokers' (p<0.05).
Conclusion
Toxic metal analyses have been done for various autopsy or biopsy tissues in various studies up until now. There are a lot of toxic metal research papers with blood and urine samples of patients with specific diseases but not much with autopsy samples, especially with heart tissue. In most studies show that cardiovascular effects of Cd and Pb are mainly emerged by free radical generation which is also related to level of both metal levels in heart tissue. In this study, the effects of age, gender, BMI, smoking habits and settlement on metal accumulation in the heart tissues of subjects, who without known cardiovascular diseases during lifetime, were investigated.
Resulting data mainly reveals that; (I) accumulation of cadmium in the heart tissue increases by age and smoking; (II) both cadmium and lead levels are higher than in urban areas; (III) gender and BMI does not effect the accumulation level of cadmium and lead in heart tissues.
This study constitutes the first data of future databases on toxic metal accumulation in heart tissue and population cardiovascular risk assesment.
